were salted out with sodium chloride.
The salted out proteins, dissolved in water represented the extract.
One cubic centimeter of the most concentrated extract was equivalent to 5 grams of fresh beef cortex. By subcutaneous semi-daily injections of the extract Hartman and co-workers stated that they were able to keep adrenaleotomized eats alive for varying periods over and beyond the normal life-span of untreated adrenalectomiaed control animals. Stewart and Rogoff (1929) using extract prepared according to the method of Hartman and collaborators, were unable to confirm Hartman's results* They were not able to obtain prolongation of the life-span of bilaterally adrenalectomiaed cats or dogs. Their data indicated that the extract-treated cats did not survive any longer than control untreated animals.
On the basis of their negative findings Stewart and Rogoff concluded that Hartman's extract contained little, if any, cortical hormone.
These same investigators reported on an extract of the suprarenal glands of beef and sheep which they prepared.
No data are given regarding the method of extraction, or whether or not the preparation does or does not contain adrenalin.
They state that the extract when given intravenously to adrenalectomized dogs prolongs the life-span, but is ineffective when given subcutaneously or by mouth. However, examination of the data presented in their paper (1929) leads one to doubt whether their extract contained any more of the cortical hormone than that of Hartman.
The average survival period of 32 adrenalectomized dogs treated daily with intravenous injections of sheep and beef adrenal cortex was 13 days (table 4, page 259). The average survival period for a series of 36 adrenalectomized control dogs not treated with extract was 9.6 days (table 2, Stewart and Rogoff, 1928) .
It is our opinion that the difference between the survival periods of control and extract-treated dogs in these experiments is entirely too small to be of any significance.
The quantity of active cortical hormone present in the extract must have been negligible.
So far as the writers are aware, Hartman and co-workers, and Stewart and Rogoff are the only investigators who have made any claim to have obtained an extract of the suprarenal cortex which has any effect upon the life-span of adrenalectomized animals.
Critical examination uf their data, however, leaves one with the conviction that the extracts contained little or no activity.
In the present confused state of our knowledge of the functional significance of the suprarenal cortex, the only reliable criterion for testing the activity of an extract is its effect upon the life-span of adrenalectomized animals.
This criterion is severe and requires much time and effort, but at any rate is an excellent index of potency.
If an extract fails to keep a series of double operated animaIs alive and in normal condition at least fur a considerable period of time over and beyond the maximum limit of the life-span of control non-treated adrenalectomized animals, we regard it as inactive.
The maximum limit of the life-span of control operated cats in our colony is fifteen days, the average life-span being 7.7 days. Very rarely have we encountered accessory glands in the several hundred cats we have used in our various experiments.
In our experience about 3 per cent of the animals have accessories. (Swingle, 1927.) All bilaterally adrenalectomieed animals are autopsied and careful search made for accessory cortical glands.
During the past two years the writers have prepared and tested a large number of daerent types of cortical extracts.
Varying degrees of activity were obtained from several of the extracts and one, a lipid fraction of the cortex, revealed a considerable degree of potency.
In the earlier work we employed acid agents such as acetic, hydrochloric, and sulphuric in different strengths, with and without heat; alkaline agents such as sodium hydroxide, sodium carbonate, sodium bicarbonate and ammonium hydroxide, with and without heat; acid and alkaline alcoholic extraction; desiccated cortical tissue extracted with various solvents, etc,, etc. None of these various methods proved successful since but little of the active hormone was obtained.
It is not improbable, however, that certain of these methods might yield potent extracts providing extensive experimentation were carried out In our experience the extracts obtained by the methods enumerated were very weak in potency compared to the lipid fraction described in this paper. This fraction is the basis of all of our further fractionation procedures and the starting point of our most active preparations.
A brief note regarding the active lipid fraction has been published. (PfBner and Swingle, 1929; Swingle and Pfiffner, 1929 .) Each extract was tested on at least three animals simultaneously and for some of our relatively inactive extracts fifteen or twenty animals were used before the method was definitely discarded. For obvious reasons data collected in testing the many methods of extraction which were later abandoned are not included in this paper.
The method used in preparing the active lipid fraction is as follows:
The beef adrenal glands packed in ice are received in the laboratory within twenty-four hours after collection at the abattoir.
After removing extraneous fat and connective tissue the glands are cut lengthwise and dissected as free as possible from medullary tissue.
The ground cortical tissue is extracted from 24 to 72 hours at room temperature with 2.5 volumes df 95 per cent ethyl alcohol. During the course of extraction the material is occasionally stirred. The extraction alcohol is removed by straining through muslin and filtering.
The gland residue is pressed as dry as possible in a tincture press, ground and extracted at room temperature for 24 to 72 hours with 2 volumes (calculated from the Each concentrate is then mixed with an equal volume of benzene and set aside in the refrigerator.
The benzene solution of lipids is removed and the aqueous' residues re-extratied two or three times with similar quantities of benzene. The last benzene washing is colorless or only faintly yellow.
The benzene washings are combined and the benzene is removed in partial vacua at an external temperature of 45-50%
The last traces of benzene are removed by the addition of 50 to 100 cc. portions of absolute alcohol and continuing the distillation to dryness.
The lipid residue is taken up in corn oil or olive oil for injection with the aid of absolute alcohol. The alcohol is removed by distillation in partial vacua at 45-5OOC. Sticient oil is incorporated so that 1 CC, represents 30 grams of fresh cortical tissue.
The extract was stored in the refrigerator at 6OC. and was made up fresh each week unless otherwise indicated.
It was warmed to body temperature for injection.
The lipid fraction which is being used in further purscation studies is obtained by the described technique with the exception that the cortical tissue is extracted four to six days. The cats, both control and extract-treated, were kept under the same conditions. The diet Eonsisted of canned salmon fed five days a week, raw liver or kidney once each week, and milk twice a week, the latter being given on the days when salmon was fed. A few drops of cod liver oil were administered about once each week.
The animals were fed but once eatih day and given as much as they could eat.
It has been our experience that cats kept for considerable periods inthe laboratory should be treated with a vermifuge.
Many of our animals were found to be infested with hook-worm.
It is part of our routine procedure to give all animals coming into the laboratory 0.3 CC. of tetrachlorethylene and to repeat the dose after five days. All of our animals were operated by the same individual.
The establishment of the normal life-span of adrenalectomized control animals is the first requisite to work on cortical extracts involving length of life. It has been repeatedly pointed out by various workers that double operated animals (cats and dogs) generally remain normal for the first few days following gland extirpation. individuals and may vary anywhere from five to fifteen days, although the majority of our animals die between the 5th and 8th day after operation. Male  Male  Female  Female  Male  Male  Male  Male  Female  Female  Female  Male  Male  Female  Female  Female  Male  Male  Male  Male  Male  Male  Male  Male  Male  Male  Male  Male  Female  Male  Male  Male  Male  Female The su rvival period of thirty-eight untreated control adrenalectomized cats of our series ranged I from 4 to 1 5 days with an average of 7.7 days. The tune is given in days and is figured from the hour of operation. Fractions of davs have not been recorded in the table. For instance if an animal lives fivi days (figured from hour of operation) and several hours beyond this time it is set down as having survived five days.
If it lives five days and an additional twelve hours it is still recorded as living five days. If the animal is last seen alive at 9 p.m, and is found dead at 8 a,m. the following morning it is recorded as having died at 9 p.m. the hour when last seen alive. The exact number of hours an animal survives double adrenalectomy is of little importance-any survival period under four days is a poor case and any period over five days is a good case in so far as cats are concerned, providing the animal recovers quickly from the operation and eats and behaves normally for at least forty-eight hours before showing any symptoms.
There are two points brought out by examination of table 1, which are not without interest.
The sex of the animal has no influence on the survival period, nor does the interval between first and second adrenal extirpation exert an appreciable influence on the life-span.
It has been our custom to allow at least a seven day interval to elapse between removal of right and left glands.
In table 2 are shown the results of treating twenty-three double operated cats with a lipid fraction of the cortex, The survival periods vary greatly ranging as they do from 16 to 50 days.
If table 1 is compared with table 2 the effect of the lipid extract upon the life-span is clearly brought out. None of our control cats survived over fifteen days, and none of the extracttreated animals survived less than sixteen days. The average life-span for controls was 7.7 days (38 animalsj the average for the extract treated was 27.8 days (23 animals).
The extract-treated animals were normal, they ate, played about and remained active up until a few days before death (protocol 1). The onset of adrenal insufficiency symptoms was in general quite abrupt and when symptoms appeared we were unable by increasing the dosage to bring the animals back to normal.
Death invariably occurred within two or three days from the date of first refusal of food. All extract-treated cats received two injections daily, one-half the daily kilogram dose being administered in the morning, the other half in the evening, except G 31, G 32, G 33 and G 34 of table 2. These animals received the entire daily dose in one injection.
The injections were begun twenty-four hours after the second operation in all except two cases (G 31 and G 32, table 2) , when the first injection was given at the end of the fourth day fol[owing removal of the second gland. All of the animals later died of adrenal insufficiency aggravated by abscess formation at the sit,e of the injections. It is interesting to note that after the potent fraction is prepared and placed in oil it retains its potency for at least three weeks if kkpt at 6% Several cats were used to test the keeping quality of the extract in oil. The usual extract was prepared and injected daily, the same sample of extract being used until the animals died. One animal survived 19 days (G 31, table 2) and received but 0.5 cc. of extract per day. The extract was not injected until the fourth day following the second operation when the cat first refused food. Another animal operated the same day survived 20 days and received the same dose. It also first received the extract on the fourth day after operation (G 32, table 2). A third animal operated the same day as the previous two cats, survived 23 days on the same batch of extract but received 1 cc. daily (G 33, table 2) and received the first injection twenty-four hours after operation. The keeping quality of the hormone in ethyl alcohol was tested on two animals.
The c&s were started on a sample of extract. After some days' treatment the extract was used up and another lot made up from cortex tissue which had been standing in alcohol at room temperature for two weeks.
This lot of extract kept the animals in excellent condition for a little over three weeks.
The animals died within two days of une another. The survival period of the two animals was 42 days (G 26) and 44 days (G 27). These cases offer strong evidence that the active principle of the cortex remains stable in alcohol for at least two weeks at room temperature and when prepared in extract form in oil retains its potency for approxi= mately three weeks.
In all of our cases complications arose following repeated injections of the extract, due to formation of abscesses at the site of injection. Animals which survived twenty-five to thirty days generally had several such abscesses, some open sores, some large lumpy masses.
When large areas of the subcutaneous tissues became involved the cats developed symptoms of adrenal insufficiency and died. Autopsy revealed that little if,any of the later injected extract had been absorbed.
Most of it could be recovered at the site of injection.
Consequently we have found it extremely difficult to keep animals alive for periods longer than 45 days with this crude extract.
Adrenalectomiaed animals are sensitive to any type of infection such as colds, or abscess formation such as just described.
In later work we used olive oil instead of corn oil as a medium for injecting the extract.
As a result of changing oils, abscess formation was materially reduced and the cats remained in better condition.
The presence of appreciable quantities of adrenalin in cortical tissue has proved to be a source of serious difficulty, especially so since adrenalectomized animals appear to be somewhat hypersensitive to adrenalin. It was thought that this difficulty might be surmounted by dissection of the glands at the slaughterhouse immediately after removal from the animals. The data presented in table 3 show quite clearly that no advantage would be gained by such a procedure, since cortical tissue dissected at the slaughterhouse contains almost as much adrenalin as cortical tissue obtained from glands which were dissected 20 hours after removal from the animal.
It should be noted that the glands used in the above analyses were handled very carefully so as to keep diffusion processes at a minimum.
In routine work in the laboratory it is impractical to dissect very carefully large numbers of adrenal glands.
Consequently the tissue used in the prepara- (1913) . Approximat-ely 30 to 40 per cent of t,he adrenalin present is extracted by the alcoholic treatment. As a result the aqueous concentrates after the removal of alcohol are highly toxic. Because of its t#oxic properties we were unable to demonstrate the presence of the cortical hormone in t,his material.
About 3 to 5 per cent of the adrenalin present in the cortical tissue is found in the benzene soluble fraction.
Adrenalin is insoluble in benzene. However, it is soluble to a ccrt+ain extent in a solution of lipid materials in that solvent. The chief disturbing factor in this connection appears to be phospholipid.
Neutral fat, free fatty acids and cholesterol have a slight influence. This change in solvent properties probably accounts for the On the other hand, it is possible that a fraction of the adrenalin may exist in the t-issue in a form which is soluble in benzene. Similar solubility behaviour of adrenalin was encountered with the many other solvents examined including ether, petroleum ether, chloroform, et,hyl acetate, acetone, hexane, butyl alcohol, carbon disulfide, and carbon tetrachloride, One cubic centimeter of the crude extract used in this st.udy contained on an average 2 mgm. of adrenalin.
This quantity of extract is equivalent to 30 grams of cortical tissue which contained on an average 60 mgm. of adrenalin.
In the procedure used t,herefore from 96 to 97 per cent of the adrenalin is removed.
The quantity of adrenalin present in the crude extract is capable of inducing physiological changes in the organism such as elevation of blood pressure, rise in blood sugar, etc. However, the extract is given subcutaneously in oil and is absorbed rather slowly over a considerable period. We never give more than 1 cc. per kilo per day per animal and have not noted any changes in t.he behaviour of the animals following injection.
However, if large doses are given, doses of 5 to 6 cc., the animals display typical symptoms of adrenalin overdosage. They become sluggish and lose their appetites.
It should be emphasized that our primary object in this study was the conclusive demonstration of the presence of the cortical hormone in the crude lipid fraction.
No attempt was made to determine the minimum dosage or the minimum frequency of injection necessary to maintain life.
By use of an alcoholic-benzene extraction process a crude lipid fraction of the suprarenal cortex of beef has been obtained, which when injected subcutaneously will prolong considerably the survival period of bilat~crally adrcnalcct.omized cats.
The cortical hormone is stable in ethyl alcohol for a period of at least two weeks, and the crude lipid fraction when prepared in oil retains its potency for about three weeks when kept at 6*C.
The active lipid fraction is not adrenalin-free. In so far as the writers are aware this is the first conclusive demonst,ration that the hormone of the suprarenal cortex which is essential for t.he maintenance of life can be extracted with lipid solvents.
